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Instructions

1. This paper consists of section A and B with a total of ten (10) questions.

2. Answer all questions in section A and two (2) questions from section B.

3. Each question carries ten (10) marks in section A and fifteen (15) marks in section
B.

4. Mathematical tables and non-programable calculators may be used.

5. Cellular phones and any unauthorized materials are not allowed in the
examination room.

6. Write your Examination Number on every page of your answer booklet(s).

7. The following information may be used.

• Ryberg’s constant, RH = 1.097×107m−1

• Plank’s constant, h = 6.63×10−34Js

• Gas constant, R = 8.314 or 0.0821Latmmol−1K−1

• Velocity of light, c = 3.0×108m/s

• Atomic masses
H = 1, C = 12, O= 16, N = 14, Cl = 35.5, Na= 23, K = 39, P= 31, Br = 80,
Sr = 88, Cu = 64, S = 32

This paper consists of six printed pages
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SECTION A (70 MARKS)
Answer all questions from this section

1. (a) What do you understand by the following terms

(i) Wave-particle duality

(ii) Excitation of electron

(iii) Photoelectric effect (03 marks)

(b) Chlorophyll-a is green because it absorbs blue light at about 435nm and red
light at about 680nm, so that mostly green light is transmitted. Calculate the
energy per mole of photons at these wavelengths. (04 marks)

(c) Calculate the wavelength of hydrogen atom of mass 1.674×10−27kg moving
at 700cms−1 (03 marks)

2. (a) “Measuring relative molecular mass using colligative properties, osmotic
pressure is preferred colligative property”. Justify. (02 marks)

(b) What mass of non-volatile solute urea ((NH2)2CO) need to be dissolved in
100g of water in order to increase the vapour pressure of water by 25%?
What will be the molality of solution? (04 marks)

(c) 2.0g of benzoic acid dissolved in 25g benzene, shows a depression in freezing
point equal to 1.62°C. What is the percentage of association of benzoic acid
in benzene? (04 marks)

3. (a) (i) Elaborate the principle of extraction of solute from immiscible solvents.

(ii) Describe the term partition coefficient. (03 marks)

(b) 10g of iodine is allowed to distribute between water and tetrachloromethane.
If the partition coefficient of iodine between CCl4 and H2O is 85, find the ratio
between volumes of H2O and CCl4 such that 5g of iodine will be present in
aqueous layer. (03 marks)

(c) Different samples of 200cm3 of benzoic acid were shaken with 200cm3 of
benzene each time and at equilibrium the following data were recorded in
three extractions:

Concentration of acid in water (g) 0.6 1.2 1.8

Concetration of acid in benzene (g) 2.0 8.0 18

Calculate the relative molecular mass of benzoic acid in benzene and draw the
structure of the acid molecule in benzene solution. (04 marks)
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4. (a) Explain the following:

(i) Enthalpy of formation of unstable allotropic form of pure elements is not
zero. (01 marks)

(ii) Enthalpies of formation of CO2 and H2O are equal to enthalpies of
combustion of elements forming them. (01 marks)

(iii) In general compounds with negative standard enthalpies of formation
values are more stable than those with positive values. H2O2 has a
negative value of ∆H	f . Why then does H2O2 has a tendency to
decompose into H2O and O2? (01 marks)

(b) Pentaborane-9 (B5H9) is a colourless, highly reactive liquid that will burst
into flames or even explode when exposed to oxygen. The reaction is
B5H9(l) + 6O2(g)

5
2B2O3(s) + 5

2(H2O)(l)

In 1950′s, Pentaborane-9 was considered as a potential rocket fuel because it
produces a large amount of heat per gram. However the solid B2O3 formed
by the combustion of B5H9 is an abrasive that would quickly destroy the
nozzle of the rocket and so the idea was abandoned. Calculate the KiloJoules
of heat released per gram of the compound reacted with oxygen. The
standard enthalpy of formation of B5H9, B2O3 and H2O are 73.2, −1273.5
and 285.8kJmol−1 respectively (04 marks)

(c) A quantity of 200mL of 0.862M HCl is mixed with 200mL of 0.431M
Ba(OH)2 in a constant pressure Calorimeter of negligible heat capacity. The
initial temperature of the HCl and Ba(OH)2 solutions are both 20.48°C. The
heat of neutralization is 56.2KJmol−1. What is the final temperature of the
mixed solution. (03 marks)

5. (a) Describe with examples, the two methods used to prepare metal oxides.

(03 marks)

(b) Mention five (5) uses of metal hydroxides. (05 marks)

(c) Write the equations to show aluminium hydroxide reacting with;

(i) hydrochloric acid solution (01 marks)

(ii) Sodium hydroxide solution (in excess) (01 marks)
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6. (a) What do you understand by the following:

(i) Reaction quotient.

(ii) Irreversible reaction.

(iii) Dynamic equilibrium. (03 marks)

(b) When solid Silver is added to a solution containing Ag+, Fe2+ and Fe3+ with
initial concentration of 0.4M, 0.2M and 0.6M respectively, the following
reversible reaction occurs:

Ag+
(aq) + Fe2+

(aq) Fe3+
(aq) + Ag(s)

If the Kc for this reaction is 5.96 at 25°C, calculate the equilibrium
concentrations of each ion in the solution. (04 marks)

(c) The following equilibrium is set up in solution by dissolving Cobalt(II)
chloride crystals in water to form the pink species [Co(H2O)6]2+ and then
adding concentrated hydrochloric acid until the solution becomes blue.

[Co(H2O)6]2+
(aq) + 4Cl–

(aq) [CoCl4]2 –
(aq) + 6H2O(l)

(i) Does the reaction cease when the solution becomes blue? Explain.
(01 marks)

(ii) The forward reaction is endothermic. State and explain the color change
observed on cooling the mixture. (01 marks)

(iii) Mention one way of reversing the change caused by cooling the reaction.
(01 marks)

7. (a) Define the following terms;

(i) Partial pressure of the gas. (01 marks)

(ii) Ebullioscopic constant. (01 marks)

(iii) Molal freezing point depression constant. (01 marks)

(b) Sodium azide (NaN3) is used in some automobile air bags. The impact of a
collision triggers the decomposition of NaN3 as follows:

2NaN3(s) 2Na(s) + 3N2(g)

The Nitrogen gas produced quickly inflates the bag between the driver and
the windshield and dashboard. Calculate the volume of Nitrogen generated at
80°c and 1.083atm by the decomposition of 60g of NaN3 (04 marks)

(c) A mixture of gases contains 4.46moles of Neon (Ne), 0.74moles of Argon
(Ar) and 2.15moles of Xenon (Xe). Calculate the partial pressure of the gases
if the total pressure is 2.00atm at a certain temperature. (03 marks)
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SECTION B (30 MARKS)
Answer only two (2) questions from this section.

8. (a) Compound A (C4H6) gave the following tests:

A + Br2/CCl4 B(C4H)

A + H2/Pt C(C4H10)

A + AgNO3 D(Precipitate)

What are the structures of A, B, C and D? (05 marks)

(b) An unknown compound X has the molecular formula C5H8. Suggest the
possible structures of X from the following data:

(i) One mole of X takes up two moles of Chlorine.

(ii) Compound X decolourizes a solution of Br2 in CCl4.

(iii) Compound X forms no precipitate with ammoniacal AgNO3 solution.

(iv) Treatment of X with H2O in the pressure of dilute H2SO4 and mercuric
sulphate catalyst, yield an equimolar mixture of 2-pentanone and
3-pentanone. (05 marks)

(c) An unknown compound C has the molecular formula C5H8. Suggest the
possible structures of C from the following observation:

(i) One mole of C takes up two moles of Bromine.

(ii) C does not react with ammoniacal AgNO3.

(iii) Ozonolysis of one mole of C yields two moles of methanal and one mole
of Oxopropanal. (05 marks)

9. Show the mechanism of the following reactions:

(a) + Br2
AlCl3 (05 marks)

(b) CH2 CH2 + Br2 (05 marks)

(c)
conc ·H2SO4

conc ·HNO3
(05marks)
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10. (a) Describe the following terms as used in soil chemistry:

(i) Immobilization

(ii) Ammonification

(iii) Leaching

(iv) Liming (04 marks)

(b) “Soil salinity is said to be detrimental”. Support the statement by three (3)
points. (03 marks)

(c) Analyze the advantage of manure over fertilizer. (03 marks)

(d) 10cm3 of 0.1M NaOH was used to neutralize the exchangeable hydrogen of a
5g sample of oven dry soil. If the total cationic exchange capacity of the soil
is 25meq/100g of soil, calculate;

(i) The percentage base saturation of the soil sample.

(ii) The concentration of hydrogen ions (in meq) in 75g of the oven dry soil
above.

(iii) Comment on the answer in d(i) above. (05 marks)
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